ABSTRACT Cell sorting among prespore cells and prestalk cells in Dictyostelium discoideum was studied by using fluorochrome-labeled cells in an in vitro assay. Labeled prestalk cells first formed randomly mixed aggregates with unlabeled prespore cells. Then cells began to sort out from each other. About 3-4 hr later, prestalk cells became clustered at one pole of the aggregate. Aggregates deposited on an agar surface underwent morphogenesis and formed migrating slugs within 3 hr. The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
The cellular slime mold Dictyostelium discoideum is a popular model for the study of cell-cell interaction. Vegetative cells contain EDTA-sensitive cell-binding sites, which mediate the formation of loose cell aggregates in liquid cultures. These aggregates are completely dissociated into single cells in 1 or 2 mM EDTA (1). During development, cells form EDTA-resistant binding sites on their surfaces at the aggregation stage (2) . Cells form tight aggregates, which are resistant to EDTA dissociation up to a concentration of 15 mM. The endogenous lectins discoidin I and II (3, 4) and a contact site A glycoprotein of Mr 80,000 (gp8O) (5, 6) have been implicated in mediating cell-cell adhesion at the aggregation stage. These stable aggregates give rise to pseudoplasmodia or slugs. At the slug stage, cells are organized in a spatial pattern in which the posterior prespore zone and the anterior prestalk region are clearly distinguishable by various morphological and biochemical criteria (7) .
Cell sorting probably takes place at an early postaggregation stage, leading to pattern formation in the slug (8) . Evidence for the sorting out of cells at the slug stage was demonstrated by Bonner (9) in 1959. Subsequently, Takeuchi (10) showed that disaggregated anterior cells labeled with [3H]thymidine, after mixing randomly with unlabeled disaggregated posterior cells, were able to reoccupy the anterior position of the new slugs. Similar experiments have confirmed these observations by using different labeling techniques (11, 12) .
Recently, a surface glycoprotein of Mr 150,000 (gpl50) has been implicated in mediating cell cohesion (13, 14) . We have demonstrated that univalent antibodies directed against gpl50 inhibit specifically the reassociation of cells in postaggregation stages (15) . In the present report, we describe a simple and reproducible in vitro assay for cell sorting. We also show that Fab directed against gpl50 can block cell sorting, whereas Fab fragments directed against gp8O or discoidin have no adverse effect on this phenomenon. Separation of Prespore and Prestalk Cells. The renografin gradient centrifugation procedure described by us previously was followed (15) .
MATERIAL AND METHODS

Cell
Cell-Cohesion Assay. Intercellular cohesiveness was quantitated by the method of Gerisch (1) with slight modifications (18) .
Cell-Sorting Assay. TRITC-or FITC-labeled prestalk cells were mixed with unlabeled prespore cells at a ratio of 1:2 in Bonner's salt solution containing 10 mM NaCl, 10 (14) . Monovalent Fab fragments were prepared by papain digestion of purified IgG (19) . Fab fragments were also prepared from antisera raised against the endogenous lectins discoidin I and II (20) 
RESULTS
Cell Sorting Among Prestalk and Prespore Cells. Prespore cells and prestalk cells were separated on a renografin density gradient as described (I5). Proteolytic enzymes were not used to dissociate cells and they were able to recover quickly. TRITC or FITC was conjugated to cell-surface components prior to cell separation. Under our conditions, all cells were labeled fairly uniformly and the fluorescence was stable for a prolonged period of time. Fluorochrome conjugation did not affect either the EDTA-sensitive or EDTA-resistant type of cell-cell binding. These cells were able to undergo normal morphogenesis when deposited on an agar plate. After FITC-labeled prespore cells were mixed with TRITC-labeled prestalk cells for 5 hr, <5% of cells was found to contain both types of fluorescence, indicating no significant exchange of fluorochrome.
To assay for cell sorting, FITC-labeled prestalk cells were randomly mixed with unlabeled prespore cells and aggregates were observed under a fluorescence microscope at regular intervals. As shown in Fig. 1 Fig. 4d , in which the sorting pattern shows that the aggregate was in the process of polarity formation.)
Inhibition of Cell Sorting by Fab Against gpl50. We previously found that a major concanavalin A binding protein gpl50 accumulated on the cell surface between 6 and 15 hr of development (13) . This glycoprotein was subsequently purified and used to raise specific antibodies in rabbit (14) . Fab fragments derived from the antiserum were effective in blocking the EDTA-resistant cell-cell binding among cells in postaggregation stages but not among aggregation-stage cells (15) . If, indeed, gplS0 were involved in the cell-sorting process, Fab against gpl50 should interfere with the cell-sorting process in our in vitro assay. To test this, it was necessary to demonstrate that Fab against gpl50 had no inhibitory effect on the EDTAsensitive binding sites, which would enable the cells to form large aggregates, even though their EDTA-resistant binding sites had been blocked by anti-gp150 Fab fragments. When Fab against gpl50 was added to prespore and prestalk cells before aggregate formation, cell sorting among the two cell types was completely blocked (Fig. 4 a and b) . To rule out the possibility that the Fab inhibited cell locomotion and not sorting, cells rotated in the presence of Fab for 3 hr were dissociated and allowed to attach to glass for microscopic observation. These cells were able to undergo normal amoeboid movement in the presence of Fab. More than 95% of these cells were viable by the trypan blue exclusion assay. Therefore, it is evident that anti-gp150 Fab did not inhibit cell locomotion and it had no toxic effect on cells.
Contrary to results obtained with anti-gpl50 Fab, cell sorting proceeded normally in the presence of bovine serum albumin or Fab prepared from preimmune rabbit serum (Fig. 4  c and d) cell sorting in the presence of Fab against discoidin I and II. Results obtained by using anti-gp80 Fab or antivegetative cell Fab were similar to e and f. directed against the contact site A glycoprotein gp8O, endogenous lectins discoidin I and II, or vegetative cell. Under similar conditions, the amount of anti-gp150 Fab bound to cells was slightly higher than anti-gp8O Fab or antidiscoidin Fab, whereas antivegetative cell Fab showed a 2-fold higher binding (Table 1) . In all cases, except when Fab against gp150 was added, the fluorescent prestalk cells sorted out from the prespore cells and clear polar organization of the two cell types was observed within a period of 3-4 hr (Fig. 4 e and f) .
Effect of Anti-gpl50 Fab on Morphogenesis. To follow the pattern of cell sorting during morphogenesis, we transferred the reconstituted aggregates containing labeled prestalk cells and unlabeled prespore cells after 1 hr of rotation onto a solid agar surface and determined the time required for slug formation. About 90% of the aggregates were in slug form 3-4 hr after plating on agar (Table 1) . Many continued to migrate for a period of 6-10 hr before culminating in the formation of fruiting bodies. Most of the labeled cells were localized in the anterior zone of the migrating slug and a clear demarcation line between the anterior zone and the posterior region was evident. Less than 10% of the FITC-labeled prestalk cells were estimated to remain behind in the posterior region.
The effect of Fab against gp150 on morphogenesis was examined on aggregates deposited on solid agar for development. After 6 hr, most of the aggregates formed in the presence of anti-gpl50 Fab remained as round mounds on the agar surface (Fig. 5a) , whereas all of the control aggregates had already developed into migrating slugs. In contrast, aggregates formed in the presence of Fab against discoidin, gp8O, or vegetative cell underwent normal morphogenesis with a time frame similar to ------Proc. Natl. Acad. Sci. USA 80 (1983) 6599 that of the control (Fig. 5 b and c) .
Results were also quantitated by estimating the percentage of aggregates in slug form at different times (Table 1) . More than 90% of control aggregates and aggregates formed in the presence of Fab against discoidin or gp8O were in slug form by 5 hr. By 10 hr, 30-40% of the aggregates formed in the presence of Fab against gpl50 were still unable to form slugs (Table  1) . Eventually, 70-80% of these aggregates recovered, forming mature fruiting bodies by 24 hr. Aggregates formed in the presence of anti-gplS0 Fab were delayed in their development by 5 hr.
DISCUSSION
The use of univalent antibodies in blocking cell reassociation has led to the discovery of a number of cell-surface components that may play a significant role in cell cohesion in D. discoideum (5, 6, 14, 21, 22) and in other systems (23) (24) (25) . -for cell-cell binding immediately after the aggregation stage (21, 28) . Therefore, it appears that several different and possibly unrelated cell-cell adhesion systems are present on the surface of differentiating amoebae, and the modulation of these systems may enable the cells to undergo different types of cellcell interaction related to a particular stage.
One possible mechanism of cell sorting is differential cell adhesiveness (29) . A recent study by Tasaka and Takeuchi (30) supports the notion that cell sorting among prestalk and prespore cells is mediated by differential cell cohesiveness. We have provided evidence in support of this hypothesis (15) . Prespore cells isolated from preculmination-and culmination-stage slugs are significantly more cohesive than prestalk cells and aggregation-stage cells. The kinetics of reassociation among prespore cells are much faster than prestalk cells. Prespore cells are also more resistant to EDTA dissociation and form larger clumps than prestalk cells (15) . These observations are consistent with the sorting pattern of prespore and prestalk cells presented in Fig. 1 
